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VHYHUDO NLORZDWWV 7KH\ DUH HDV\ WR LQWHJUDWH LQWR WKH SURFHVVLQJ PDFKLQH DV WKH\ DUH OLJKWZHLJKW KDYH D VPDOO
IRRWSULQWDQGDOORZIRUDIOH[LEOHEHDPGHOLYHU\E\PHDQVRIDQRSWLFDOILEHU/DVWEXWQRWOHDVWWKH\DOORZIRUDKLJK
SURFHVVLQJ VSHHGDVGXH WR WKH VKRUW HPLVVLRQZDYHOHQJWK LQ WKH UDQJHRIPLFURQ WKHDEVRUSWLRQFRHIILFLHQWVRI
PDQ\PDWHULDOVDUHKLJKHUWKDQIRUWKHPLFURQHPLVVLRQRIWKH&2ODVHU
,QDQXPEHURIQLFKHDSSOLFDWLRQVWKHQHZJHQHUDWLRQVROLGVWDWHODVHUVZHUHQRWDEOHWRVKRYHRXWWKHPDWXUH&2
ODVHUV$VJODVVZDUH IXVHG VLOLFD DFU\OLF DQGPRVWSRO\PHUV DUH WUDQVPLVVLYH LQ WKHYLVLEOH DQGQHDULQIUDUHGEXW
LQWUDQVSDUHQW LQ WKH PLGLQIUDUHG VSHFWUDO UHJLRQ WKH\ FDQ RQO\ EH FXW E\ &2 ODVHU RU LQ VRPH FDVHV E\ 89
UDGLDWLRQ0RUHRYHUFXWWLQJRUGULOOLQJRIFDUERQILEHURUJODVVILEHUUHLQIRUFHGSRO\PHUV&)53DQG)53DVZHOO
DV RI RUJDQLFPDWHULDOV OLNH OHDWKHU RU ZRRG E\ &2 ODVHU HPLVVLRQ UHVXOWV LQ DQ H[FHOOHQW HGJH TXDOLW\ ZLWK D
PLQLPXPKHDWDIIHFWHG]RQH$VDVRXUFHRIH[WUHPHXOWUDYLROHW(89UDGLDWLRQIRUQH[WJHUQHUDWLRQOLWKRJUDSK\
KLJKSRZHUSXOVHG&2ODVHUVRXUFHVH[SHULHQFHDUHYLYDOHQDEOLQJWKHRQJRLQJPLQLDWXUL]DWLRQRIFKLSVWUXFWXUHVLQ
WKH VHPLFRQGXFWRU LQGXVWU\ 0DQ\ JURXSV OLNH 1RZDN HW DO  UHSRUW WKDW WKH  PLFURQ ZDYHOHQJWK LV
VXSHULRURYHUFRPSHWLQJODVHUVLQGULYLQJDWLQSODVPDDVVRXUFHRI(89UDGLDWLRQLQWHUPVRIHIILFLHQF\UHOLDELOLW\
DQGSURGXFWLRQRIGHEULV
+LJK SRZHU ODVHU RSWLFV VXIIHU IURP DEVRUSWLRQ ORVVHV DW RSWLFDO VXUIDFHV DQG LQ FDVH RI WUDQVPLVVLYH RSWLFDO
FRPSRQHQWV IURPDEVRUSWLRQ ORVVHVZLWKLQ WKH YROXPHRI RSWLFDO FRPSRQHQWV7KH DEVRUEHG IUDFWLRQRI WKH ODVHU
HPLVVLRQ OHDGV WR WKHUPDO ORDGLQJ RI WKH RSWLFDO FRPSRQHQWV ZKLFK KDV QHJDWLYH HIIHFWV RQ WKHLU LPDJLQJ
SHUIRUPDQFH7KHILUVWHIIHFWLVWKHFKDQJHLQVKDSHRIWKHDIIHFWHGRSWLFDOFRPSRQHQWVGXHWRWKHUPDOH[SDQVLRQRI
WKHPDWHULDO 7KH VHFRQG HIIHFW ZKLFK LV RI JUHDWHU LPSRUWDQFH LV WKH FKDQJH RI WKH UHIUDFWLYH LQGH[ZLWKLQ WKH
DIIHFWHG FRPSRQHQWV EHFDXVH RI WHPSHUDWXUH LQFUHDVH DQG PHFKDQLFDO VWUHVVHV GXH WR WKHUPDO H[SDQVLRQ 7KH





IURP D V\VWHP SRLQW RI YLHZ WKLV WKHUPDO OHQVLQJ HIIHFW FKDQJHV WKH IRFDO SRVLWLRQ DQG IRFDO VSRW VL]H DW WKH
PDFKLQLQJSRLQWRYHU WLPH WKHUHE\FKDQJLQJ WKHEHDP LQWHQVLW\DW WKHZRUNSLHFHDQGHQGDQJHULQJ WKHPDFKLQLQJ
SURFHVVVWDELOLW\XQGUHOLDELOLW\'HSHQGLQJRQWKHPDFKLQLQJSURFHVVDFHUWDLQOHYHORIIRFXVVKLIWLVDFFHSWDEOH$
IRFXVVKLIW OHDYLQJ WKRVHDFFHSWDEOHERXQGDULHVZLOOFDXVH LQWROHUDEOHPDFKLQLQJUHVXOWVDQGFRQVHTXHQWO\ UHMHFWHG
ZRUNSLHFHV
7KH VR FDOOHG WKHUPDO OHQVLQJ LQKLJKSRZHU ODVHUSURFHVVLQJ V\VWHPVKDV DOUHDG\EHHQREVHUYHG LQ&2 ODVHU
RSWLFVE\6WHHOHDQG)XHUVFKEDFKDQGRWKHUV1RZDGD\V WKH WRSLF LVRIHYHQJUHDWHU LPSRUWDQFHVLQFH WKH















LQYHVWLJDWLRQV RI IRFDO VKLIWVPHDVXUHGZLWK D FDPHUD EDVHG EHDP DQDO\]HU DVZHOO DV RQ DPHDVXUHPHQW V\VWHP
ZKLFK DOORZV WR LGHQWLI\ WKH DEVRUSWLRQ FRHIILFLHQW RI  PLFURQ RSWLFV EDVHG RQ S\URPHWHU WHPSHUDWXUH
PHDVXUHPHQWV
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1XPHURXVDWWHPSWVWRUHGXFHWKHWKHUPDOOHQVLQJRUWRFRPSHQVDWHIRULWVQHJDWLYHHIIHFWVKDYHEHHQLQYHVWLJDWHG
&HUWDLQPDWHULDOV VKRZDQ LQYHUVHFKDQJHRI WKH UHIUDFWLYH LQGH[GXH WRKHDWLQJFRPSDUHG WR WKHFRPPRQO\XVHG
RSWLFDOPDWHULDOVOLNHIXVHGVLOLFDIRUPLFURQDSSOLFDWLRQV6XFKRSWLFVKDYHEHHQLQYHVWLJDWHGE\6FDJJVDQG+DDV
 DQG RWKHU JURXSV $ FRPPRQ SUREOHP SURKLELWLQJ WKH LQGXVWULDO XVH RI VXFK RSWLFV LV WKH IDFW WKDW WKH
FRPSHQVDWLRQRQO\ VKRZVJRRGSHUIRUPDQFH IRU D JLYHQ VHW RI DEVRUSWLRQ FRHIILFLHQWV RI WKH RSWLFDO FRPSRQHQWV
XVHG8QIRUWXQDWHO\PDWWHUWHQGVWRGHJUDGHRYHUWLPHGXHWRSROOXWLRQRUWKHUPDOVWUHVVSRVVLEO\OHDGLQJWRDFKDQJH
RIWKHDEVRUSWLRQOHYHOV
6RPH JURXSV SURPRWH WKH XVH RI PDWHULDOV ZLWK KLJKHU DEVRUSWLRQ EXW PXFK KLJKHU WKHUPDO FRQGXFWLYLW\
FRPSDUHG WR FRPPRQO\ XVHG PDWHULDOV WKXV VKRZLQJ D EHWWHU RYHUDOO SHUIRUPDFH LQ WHUPV RI WKHUPDO OHQVLQJ
3RO\FU\VWDOOLQH GLDPRQG SURGXFHG E\ FKHPLFDO YDSRU GHSRVLWLRQ &9' LV D SURPLVLQJ FDQGLGDWH DFFRUGLQJ WR
%HQQHWWDVLWVKRZVH[FHOOHQWWKHUPDOFRQGXFWLYLW\DQGIUDFWXUHVWUHVV7KHSULFHDQGWKHRSWLFDOSURSHUWLHV
DUHVWLOOSURKLELWLYHIRUDZLGHVSUHDGXVHRI&9'GLDPRQG
*UHDW HIIRUWVZHUHPDGH WR UHGXFH WKH DEVRUSWLRQRI FRDWLQJVRU DEVRUSWLRQZLWKLQ WKHYROXPHRI FRQYHQWLRQDO
RSWLFDOPDWHULDOVZKLFKDUHDERYHDOOIXVHGVLOLFDIRUPLFURQDQG]LQFVHOHQLGH=Q6HIRUPLFURQDSSOLFDWLRQV
+LJKSXULW\IXVHGVLOLFDOLNH+DHDHXV6XSUDVLOLVVSHFLILHGZLWKDQDEVRUSWLRQRISSPFPDQGVWRFNRSWLFDO
HOHPHQWV DUHDYDLODEOHZLWKD WRWDO DEVRUSWLRQ LQFOXGLQJ WZRDQWLUHIOHFWLYHFRDWLQJVRI ORZHU WKDQSSP 2SKLU
2SWURQLFV )LEHUOHQV DW  PLFURQ UDGLDWLRQ ERWK QHJOLJLEOH YDOXHV IRU W\SLFDO ODVHU PDFKLQLQJ SURFHVVLQJ RSWLFV
$EVRUSWLRQ LV VRPHZKDW KLJKHU IRU &2 ODVHU RSWLFV )RU H[DPSOH 03 =Q6H OHQVHV ,,9, ,QFRUSRUDWHG DUH
VSHFLILHGZLWKDW\SLFDODEVRUSWLRQRIOHVVWKDQSSPDWPLFURQUDGLDWLRQ
$VVWDWHGDERYHPDWWHUWHQGVWRGHJUDGHRYHUWLPHZKLFKLVWKHSULPDU\FDXVHZK\WKHUPDOOHQVLQJVWLOOLVDQLVVXH
HYHQ ZLWK ORZ DEVRUSWLRQ RSWLFV 'XULQJ KDQGOLQJ DQG XVH RI WKH RSWLFV DLUERUQH SXOOXWDQWV OLNH GXVW SDUWLFOHV
DHURVROV RU SDUWLFOHV UHOHDVHG E\ WKH ODVHU PDFKLQLQJ SURFHVV FDQ VHWWOH RQ RSWLFDO VXUIDFHV WKHUHE\ GUDPDWLFDOO\
LQFUHDVLQJ DEVRUSWLRQ 2SWLFDO VXUIDFHV IDFLQJ WKH HQYLURQPHQW RU WKH SURFHVV QDWXUDOO\ DUH PRVW SURQH WR
FRQWDPLQDWLRQ&OHDQSXUJLQJDLULVRIWHQXVHGWRSUHYHQWSROOXWDQWVIURPUHDFKLQJRSWLFDOVXUIDFHV0RUHRYHULWLV
FRPPRQ WR LQVWDOOSURWHFWLRQZLQGRZV LQ IURQWRIH[SHQVLYHRSWLFDOFRPSRQHQWV LQRUGHU WR UHGXFH WKH WLPH WKRVH
FRPSRQHQWVDUHGLUHFWO\FRQIURQWHGWRWKHHQYLURQPHQW$SROOXWHGSURWHFWLRQZLQGRZZLOOVWLOOVXIIHUIURPWKHUPDO
OHQVLQJDQGGHJUDGHWKHSHUIRUPDQFHRI WKHZKROHRSWLFV OLNHDSROOXWHGH[SHQVLYHOHQVZRXOGGR%XW WKHULVNRI
FRQWDPLQDWLRQRI WKHH[SHQVLYHOHQVLVUHGXFHGE\VHYHUDORUGHUVRIPDJQLWXGH$VWKHDEVRUSWLRQRI=Q6HLVKLJK
FRPSDUHG WR IXVHGVLOLFDDW WKH UHOHYDQWZDYHOHQJWKV LW LVFRPPRQQRW WR LQVWDOOSURWHFWLRQZLQGRZV LQ&2 ODVHU
SURFHVVLQJKHDGV7KHUHGXFWLRQRI WKHQXPEHURIRSWLFDOHOHPHQWVZLWKLQWKHEHDPSDWKLVVWLOO WKHPRVWHIIHFWLYH
DSSURDFKWRUHGXFHWKHUPDOOHQVLQJ






WKH DUW VHQVRUV LQWHJUDWHG LQWR FXWWLQJ KHDGV DUH S\URPHWHUV XVLQJ WKHUPRSLOH VHQVRUV UHVSRQGLQJ WR WKH LQIUDUHG
HPLVVLRQRI WKH VXUIDFHV RI WKHRSWLFDO HOHPHQWV7KHVH VHQVRUV DOORZ WRPHDVXUH WKH DEVROXWH WHPSHUDWXUH RI WKH
VXUIDFHVRIWKHRSWLFDOHOHPHQWVLQFDVHRIRSWLFVGHVLJQHGIRUPLFURQUDGLDWLRQRQO\=Q6HRSWLFVXVHGIRUWKH
PLFURQZDYHOHQJWKDUHWUDQVSDUHQWLQWKHVSHFWUDOUHJLRQIURPDSSUR[LPDWHO\QPWRQPDQGDUHWKHUHIRUH
PRUH RU OHVV LQH[LVWHQW IRU WKHUPRSLOH VHQVRUV 0RUHRYHU WKHUPRSLOH VHQVRUV UHVSRQG WR WKH ODVHU HPLVVLRQ





2XU PDLQ REMHFWLYH RI WKH GHYHORSPHQW SUHVHQWHG KHUH LV WR DFKLHYH D PHWKRG IRU PHDVXULQJ WKH DEVROXWH
WHPSHUDWXUHRIWKHRSWLFDOHOHPHQWVRQOLQHUHJDUGOHVVRIWKHRSWLFDOPDWHULDORUVKDSHDQGZLWKRXWVHQVLWLYLW\WRVWUD\
ODVHUUDGLDWLRQDWFRPSHWLWLYHFRVWVIRUWKHPHDVXUHPHQWV\VWHP
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8OWUDVRQLFWKHUPRPHWU\IRURQOLQHWHPSHUDWXUHPHDVXUHPHQWRIRSWLFDOHOHPHQWV






















TEct   
$VERWKWKHPRGXOXVRIHODVWLFLW\DQGWKHGHQVLW\DUHIXQFWLRQVRIWHPSHUDWXUHWKHVSHHGRIVRXQGLVGHSHQGHQW
RQWKHWHPSHUDWXUHWRR,QRUGHUWRLGHQWLI\WKHWHPSHUDWXUHWKHORQJLWXGLQDODVZHOODVWKHWUDQVYHUVHZDYHRUHYHQ
PRUH FRPSOH[ YLEUDWLRQDOPRGHV OLNH VXUIDFH RU/DPEZDYHV FDQ EH XVHG8OWUDVRQLF WUDQVPLWWHUV XVHG WR LQVHUW
XOWUDVRQLF ZDYHV LQWR WKH VSHFLPHQ W\SLFDOO\ SURGXFH ERWK ORQJLWXGLQDO DQG WUDQVYHUVH ZDYHV 2WKHU YLEUDWLRQDO
PRGHVDUHWKHUHVXOWRIFRQYHUVLRQHIIHFWV7KHORQJLWXGLQDOZDYHVDUHWKHIDVWHVWWUDYHOLQJZDYHV7KHYHORFLWLHVRI
VXUIDFH 5D\OHLJKZDYHV RU /DPEZDYHV DUH GLIILFXOW WR GHWHUPLQH DV WKH YHORFLWLHV RI WKHVHZDYHV GHSHQG RQ
QXPHURXVIDFWRUVDPRQJVWRWKHUWKLQJVRQWKHVKDSHRIWKHVSHFLPHQDQGWKHIUHTXHQF\RIWKHXOWUDVRQLFZDYH,WLV
SRVVLEOH IRU YLEUDWLRQDO PRGHV RWKHU WKDQ ORQJLWXGLQDO ZDYHV WR LQWHUIHUH ZLWK HDFK RWKHU DW WKH UHFHLYLQJ SRLQW
EHFDXVHRIVLPLODUSURSDJDWLRQYHORFLWLHVWKXVFRPSOLFDWLQJDQHYDOXDWLRQRIWKHUHFHLYHGVLJQDO7KHUHIRUHZHXVH
WKHILUVWZDYHVRIDUHFHLYHGZDYHSDFNHWWRGHWHUPLQHWKHWHPSHUDWXUH
$W WKH ERXQGDU\ EHWZHHQ DQ RSWLFDOPDWHULDO DQG DLU WKH SURSDJDWLRQ RI DQ XOWUDVRQLFZDYHPD\EH VRPHZKDW







    
7KHDFRXVWLF LPSHGDQFH LV WKHSURGXFWRIGHQVLW\DQGVSHHGRIVRXQG)RUIXVHGVLOLFD WKHDFRXVWLF LPSHGDQFHDW
URRP WHPSHUDWXUH  & LV ௌܼ௜ைଶ ൌ ͳ͵ǡʹʹܯܴܽݕ݈ IRU =Q6H LW LVܼ௓௡ௌ௘ ൌ ʹͳǡ͹͹ܯܴܽݕ݈DQG IRU DLU LW LV ஺ܼ௜௥ ൌ
ͲǡͲͲͲͶͳ͵ܯܴܽݕ݈7KHFRHIILFLHQWRIUHIOHFWLRQIRUERWKRSWLFDOPDWHULDOVDWWKHERXQGDU\WRDLULVDSSUR[LPDWHO\





PHWKRG DOORZV WR XVH MXVW D VLQJOH VHQVRU IRU WUDQVPLWWLQJ DQG UHFHLYLQJ WKH XOWUDVRQLF ZDYHV )XUWKHUPRUH WKH





RSWLFDOFRPSRQHQWDQG WKHFDVLQJ LVQRWSHUIHFW5RXJKQHVVRI WKHVXUIDFHVSURYLGHIRUDLU LQFOXVLRQVDQG WKLQDLU
OD\HUVLQWKHFRQWDFWDUHD7KHWUDQVPLWWDQFHܦRIWKHDLUOD\HUFDQEHGHWHUPLQHG.UDXWNUlPHUWR










































ߣ ൌ ܿ ൊ ݂LV WKHZDYHOHQJWKRI WKHXOWUDVRQLFZDYH LQDLUZKLFK LVɊ݉IRUDQXOWUDVRQLF IUHTXHQF\RI0+]
7KHH[SUHVVLRQLVSHULRGLFEHFDXVHRIWKHVLQHIXQFWLRQVDQGLVYDOLGIRUFRQWLQRXVZDYHVDQGSXOVHWUDLQVZLWKORZ
YDOXHV RI݀RQO\ $FFRUGLQJ WR IRUPXOD  WKH WUDQVPLWWDQFH IDOOV EHORZ  IRU DLU JDSV JUHDWHU WKDQ݀ ൐ Ͷǡʹ ڄ
ͳͲି଼݉ 6XFK VPDOO DLU JDSV DUH SXUHO\ DFDGHPLF %HFDXVH RI VXUIDFH URXJKQHVVHV WKH DLU JDSVZLOO EH JUHDWHU














PHDQV DOO PDWHULDOV ZLWK QR GLVWLQFW JUDLQ ERXQGDULHV RU LQFOXVLRQV RI IRUHLJQ SDUWLFOHV FDQ EH PHDVXUHG E\
XOWUDVRQLFWKHUPRPHWU\





LQFDVHRIEDFNVFDWWHUHG ODVHU UDGLDWLRQ0RUHRYHU WKH WUDQVGXFHUKDV WREHDEOH WRFRXSOHXOWUDVRXQGVLJQDOV LQWR
RSWLFDOFRPSRQHQWVQRQH[FKDQJHDEOHE\XVHUDVZHOODVLQWRFRPSRQHQWVZKLFKZLOOEHFKDQJHGRQDUHJXODUEDVLV
2XU WUDQVGXFHU FRQVLVWVRI DFXVWRPPDGHSLH]RHOHFWULF FHUDPLFVZLWK VSXWWHUHGHOHFWURGHVZKLFK IXOILOOV WKHVH
UHTXLUHPHQWV7KHDUUDQJHPHQWRIWKHHOHFWURGHVDOORZVWKHSLH]RHOHPHQWWREHGLUHFWO\VROGHUHGWRDSULQWHGFLUFXLW










7KH SLH]RHOHFWULF FHUDPLFV FKRVHQ FDQ ZLWKVWDQG D WHPSHUDWXUH RI DW OHDVW  & ZLWKRXW VXIIHULQJ IURP D
UHFRYHUDEOH GHSRODUL]DWLRQ'HVWUXFWLRQ RI WKH WUDQVGXFHUZLOO QRW RFFXU EHIRUH UHDFKLQJ WKHPHOWLQJ SRLQW RI WKH
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VROGHUDW&$ WHPSHUDWXUH VHQVRU LV LQWHJUDWHGRQWR WKH WUDQVGXFHUERDUG LQRUGHU WRPRQLWRU WKH WUDQVGXFHU
WHPSHUDWXUH
$VPHQWLRQHG LQ VHFWLRQ HYHQ D WKLQ OD\HU RI DLUZLOO FRPSOHWHO\ SUHYHQW WUDQVPLVVLRQRI XOWUDVRQLFZDYHV
7KHUHIRUHDFRXSOLQJDJHQWEHWZHHQWKHWUDQVGXFHUDQGWKHVSHFLPHQKDVWREHLQVHUWHGZKLFKIXQFWLRQLVWRUHSODFH
WKHDLU7KHFRXSOLQJDJHQWKDV WREHQRQYRODWLOHDQGKDV WRVWLFN WR WKH WUDQVGXFHURWKHUZLVH LWFRXOGSROOXWH WKH
RSWLFDOVXUIDFHV)XUWKHUPRUHDQ\ LUUHJXODULWLHVRU WHPSHUDWXUHGHSHQGHQFHVRI WKHFRXSOLQJDJHQWZLOOGHWHULRUDWH
WKHPHDVXUHPHQWDFFXUDF\DVWKHPHDVXULQJXOWUDVRQLFSXOVHVDUHWUDYHOLQJWKURXJKWKHFRXSOLQJDJHQW




RQO\D IHZPLFURQV$FRXSOLQJ OD\HURI WKLV WKLFNQHVVKDV LQVLJQLILFDQW LQIOXHQFHRQPHDVXUHPHQWDFFXUDF\7KH
GUDZEDFNRIWKLVVROXWLRQLVWKHSHUPDQHQWMRLQLQJRIWKHWUDQVGXFHUWRWKHFRPSRQHQW)RUH[SHQVLYHFRPSRQHQWV
WKLVGUDZEDFNFDQEHQHJOHFWHGDVWKHFRVWSHUWUDQVGXFHULQFOXGLQJPDQXIDFWXUHLVRQO\DVLQJOHGLJLW(XURDPRXQW
7KHVHFRQG W\SHRI WUDQVGXFHUXVHVDSKDVHFKDQJLQJFRXSOLQJDJHQWZKLFK LV VROLGDW URRP WHPSHUDWXUHRQO\
7KLVW\SHRIWUDQVGXFHULVPRXQWHGRQDVSULQJORDGHGPHFKDQLFVZKLFKSUHVVHVWKHVHQVRUDJDLQVWWKHHGJHRIWKH
RSWLFDO FRPSRQHQW'XULQJ ILUVW XVH WKHSKDVH FKDQJLQJPDWHULDO VRIWHQV DQGEXLOGVXS D WKLQ ILOP UHSODFLQJ DQ\





LQIRUPDWLRQ LV XVHG WR FRPSHQVDWH IRU WKH LPSDFW RI WKH FRXSOLQJ DJHQW RQ WKHPHDVXUHPHQW UHVXOW7KLV NLQGRI
WUDQVGXFHUVXIIHUVQRZHDUDQGFDQEHUHXVHGPXOWLSOHWLPHV
7KH WUDQVGXFHU LV H[FLWHG E\ KLJK YROWDJH VLJQDOV XS WR 9 SHDNSHDN ZKHUHDV WKH VLJQDO VWUHQJWK RI WKH
UHFHLYHGVLJQDOW\SLFDOO\LVLQWKHORZHUPLOOLYROWUDQJH7KLVPHDQVWKHWUDQVPLVVLRQVLJQDODQGWKHUHFHLYHGVLJQDO
GLIIHURYHUG%LQPDJQLWXGH7KHVWUHQJWKRIDGHWHFWDEOHUHFHLYHGVLJQDOFDQYDU\XSWRG%GHSHQGLQJRQ
WKHFRXSOLQJTXDOLW\RI WKH WUDQVGXFHU WR WKHFRPSRQHQWDVZHOODV WKHVKDSHDQGPDWHULDORI WKHFRPSRQHQW7KH







2.3. Signal processing 
7KH FKDQJH LQ UXQQLQJ WLPH DQ HFKRHG XOWUDVRQLF SXOVH H[SHULHQFHV WKURXJK RQHPLOOLPHWHUZLWKLQ DQ RSWLFDO
FRPSRQHQWZLWKUHJDUGWRWHPSHUDWXUHFKDQJHVRIWKHFRPSRQHQWLVLQWKHVXEQDQRVHFRQGUDQJHVHHWDEOH)RUD
=Q6HOHQVZLWKDGLDPHWHURILQFKWKHWRWDOFKDQJHLQWUDYHOWLPHLVQVSHUGHJUHHFHOVLXVWHPSHUDWXUHULVH
RI WKH OHQV ZKLFK PHDQV WKH XOWUDVRQLF SXOVH UHTXLUHV OHVV WLPH WR WUDYHO WKURXJK WKH OHQV ZLWK LQFUHDVLQJ
WHPSHUDWXUHV,QRUGHU WRDFKLHYHDUHVROXWLRQRI WKHPHDVXUHPHQWV\VWHPRIEHWWHU WKDQ& WKHV\VWHPKDVWR
D E






ORZ GHDG WLPH EHWZHHQPHDVXUHPHQWV ZKLFK LV QHFHVVDU\ WR EH DEOH WR SURFHVVPXOWLSOH WLPHVWDPSVZLWKLQ WKH
UHFHLYHGXOWUDVRQLFVLJQDO2XUWLPHWRGLJLWDOFRQYHUWHUHPSOR\VDORZHQG)3*$RXWRIWKH0DFK;2VHULHVIURP















'LJLWDO WLPHVWDPSV XVHG IRU WHPSHUDWXUH PHDVXUHPHQW DUH D QXPEHU RI ]HUR FURVVLQJV RI WKH UHFHLYHG VLJQDO
DFTXLUHGGLUHFWO\ DIWHU WKH VLJQDO FURVVHV D FDOFXODWHG WKUHVKROG YDOXH)RU FDOFXODWLRQRI WKH WKUHVKROG YDOXH WKH
VLJQDOLVIXOO\GLJLWL]HGDQGDQDO\]HGIRUWKHORFDWLRQZLWKWKHEHVWVLJQDOWRQRLVHUDWLR7KHUHFHLYHGVLJQDOFDQEH
VHJPHQWHGLQWRVHYHUDOWLPH]RQHVZLWKGLIIHUHQWWKUHVKROGYDOXHVWKXVHQDEOLQJWKHUHFHSWLRQRIPXOWLSOHHFKRV7KH
IXOO GLJLWL]DWLRQ RI WKH VLJQDO IXUWKHU DOORZV WKH TXDOLW\ RI WKH WUDQVGXFHU FRXSOLQJ WR EH UDWHG ZLWK HDFK
PHDVXUHPHQW
7KH)3*$ WDVNV DUH WRPHDVXUH WLPH LQWHUYDOV DQG WR FRQWURO HYHQWV RI WKHPHDVXUHPHQWSURFHVVZLWK FULWLFDO
WLPLQJUHTXLUHPHQWV7KHFDOFXODWLRQRIWKHWHPSHUDWXUHDQGFRQWURORIWKHRYHUDOOPHDVXUHPHQWSURFHVVLVGRQHE\D
ORZHQG$50PLFURFRQWUROOHU$&$1 EXV LQWHUIDFH DQG D86% LQWHUIDFH DOORZ WR LQWHUOLQN VHYHUDO HYDOXDWLRQ
HOHFWURQLFVDVZHOODVFRQQHFWLRQWRD&1&RU3&$GUDZLQJRIWKHFRPSOHWHWKHUPRPHWHUHOHFWURQLFVLVVKRZQLQ
)LJE



























6HYHUDO WHPSHUDWXUH PHDVXUHPHQWV ZHUH PDGH ZLWK WKH XOWUDVRQLF WKHUPRPHWHU GHVFULEHG 7KH WHPSHUDWXUH
LQFUHDVHRIWKH=Q6HIRFXVLQJOHQVLQVLGHD3UHFLWHF+3´0&2ODVHUFXWWLQJKHDGZDVUHFRUGHGIRUEUDQGQHZ
DQG XVHG OHQVHVZLWK DFWLYDWHG RU WXUQHG RII OHQV FRROLQJ E\ FRROLQJ DLU 7KHVH H[SHULPHQWVZHUHPDGHZLWKRXW
SURFHVVJDVZKLFKZRXOGDGGDFHUWDLQDPRXQWRIDGGLWLRQDOFRROLQJ7KH&2ODVHUEHDPZLWKSRZHUVRIXSWR





3.1. Temperature records of a brand-new 7,5 inch lens 
)LJ  VKRZV WKH WHPSHUDWXUH WUHQGV RI D EUDQGQHZ=Q6H IRFXVLQJ OHQVZLWK  LQFK GLDPHWHU DQG  LQFK
IRFXVLQJ OHQJWKZLWK OHQV FRROLQJ WXUQHGRII RU WXUQHGRQ UHVSHFWLYHO\7KHN: ODVHU EHDPZDV WXUQHGRQ IRU







3.2. Temperature records of a used 5 inch lens 
,Q)LJWKHWHPSHUDWXUHUHFRUGVRIDXVHG=Q6HIRFXVLQJOHQVZLWKLQFKGLDPHWHUDQGLQFKIRFXVLQJOHQJWK








































WKH ZURQJ UHDGLQJV WKH WKHUPRSLOH GLVSOD\V EHFDXVH RI VFDWWHUHG ODVHU UDGLDWLRQ $IWHU WXUQLQJ RII WKH ODVHU WKH
UHDGLQJVRIWKHS\URPHWHUVKRZWHPSHUDWXUHVEHORZWKHDFWXDOFRPSRQHQWWHPSHUDWXUHV

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FRPSDUHG WR S\URPHWULF VHQVRUV ,W LV EDVHG RQ XOWUDVRQLF WKHUPRPHWU\ DQG H[SORLWV WKH GHSHQGHQFH RI WKH
SURSDJDWLRQVSHHGRIXOWUDVRQLFZDYHVLQPDWHULDOVRQWKHWHPSHUDWXUHRIWKHPDWHULDOV
%\ HYDOXWLRQ RI WKH VORSH RI WKH WHPSHUDWXUH LQFUHDVH RI PRQLWRUHG RSWLFDO FRPSRQHQWV WKH SUHVHQWHG
PHDVXUHPHQWV\VWHPFDQEHXVHGWRPRQLWRUWKHFRQGLWLRQRIODVHUSURFHVVLQJRSWLFV7KHIRFXVVKLIWDFFRPSDQ\LQJ
DWHPSHUDWXUHFKDQJHRIWKHRSWLFVFDQEHLQIHUUHGIURPWKHWHPSHUDWXUHDQGWKXVEHFRPSHQVDWHGWRVRPHH[WHQG





















1RZDN.0 2KWD 7 6XJDQXPD 7 )XMLPRWR -0L]RJXFKL + 6XPLWDQL $ (QGR$  &2 ODVHU GULYHV H[WUHPH XOWUDYLROHW QDQR
OLWKRJUDSK\VHFRQGOLIHRIPDWXUHODVHUWHFKQRORJ\2SWR(OHFWURQLFV5HYLHZ9RO,VVXH±
6FDJJV0+DDV*7KHUPDOOHQVLQJFRPSHQVDWLRQRSWLFVIRUKLJKSRZHUODVHUV/DVHU5HVRQDWRUVDQG%HDP&RQWURO;,,,3URFRI63,(
9RO&
6WHHOH5-)XHUVFKEDFK3:6SRW6L]HDQG(IIHFWLYH)RFDO/HQJWK0HDVXUHPHQWVIRUD)DVW$[LDO)ORZ&2/DVHU3URFHHGLQJVRIWKH
,&$/(2/,$9ROXPH3DUW
6WXEHQYROO06FKlIHU%0DQQ.0HDVXUHPHQWDQGFRPSHQVDWLRQRIODVHULQGXFHGZDYHIURQWGHIRUPDWLRQVDQGIRFDOVKLIWVLQQHDU,5
RSWLFV2SWLFV([SUHVV9RO1R
